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MAGNETS AND MAGNETISM 


WHAT IS MAGNETISM? 


N SKIES BLAZE WITH curtains of red, blue, and green light when the 
aurora borealis plays around the North Pole. Inside our homes, tele- 
vision sets paint pictures in light across a glass screen and fill the room with 
sound. A refrigerator door closes and remains closed, even though we see 
no lock or catch to hold it. Magnetism is at work here. 

Three great forces fill all corners of our world. They are magnetism, 
electricity, and gravity. Their effects may be so weak we don't realize they 
are present; on the other hand, they make things rise, fall, move, and glow 
so spectacularly that we gasp at their strength and power. Magnetism, elec- 
tricity, and gravity have so much basic influence on our world yet we cannot 
say what they are. But we can measure their forces, tell when they are at 
work, and predict their effects. All three “act over a distance.” This means 
you do not have to touch the source of magnetism, electricity, or gravity 
in order to feel these forces. The area where you can measure the influence 
of such a force is called its field. 

Permanent magnets make good tools. A permanent magnet is a piece of 
metal or ceramic containing iron oxide powder that will pull small pieces 
of iron, such as iron filings or nails, toward it. You can find magnets at 
hardware and variety stores or even sporting goods stores or hobby shops. 
A bar magnet is a short, straight piece of metal. Horseshoe magnets are 
magnets shaped like the letter U. Surrounding each magnet, in all directions, 
is its magnetic field. You can watch this field act over a distance by bringing 
a nail slowly toward the magnet. As you come closer and closer, you feel 
an increasing “pull” on the nail as it approaches the magnet. 


MAGNETIC LINES OF FORCE 


AROUND A HORSESHOE 
MAGNET 


AROUND A BAR MAGNET 


You can make a picture of your magnetic field by spreading iron or steel 
filings on a thin piece of paper larger than your magnet. As you hold the 
paper and filings above the magnet, tap the edge of the paper with your 
finger. The iron filings move to a new position on the paper; they pile up 
close together near the ends of the magnet and along curving lines running 
from one end of the magnet to the other. These curved lines are the lines of 
force for the magnet, and all the lines of force make up the field. You can 
draw a picture of this field by tracing out each line of filings with a pencil. 

If you repeat this experiment with a horseshoe magnet, you will find that 
the lines of force are shorter and attract more filings than those of the bar 
magnet. The ends of a horseshoe magnet are closer together, and the force 
of a magnetic field increases the farther you go into the field and the closer 
you are to either end of the magnet. Field strength obeys an inverse square 
law. For instance, the strength of the field three inches from the magnet is 
four times as strong as the field six inches from the magnet. Likewise, the 
strength of the field three inches from the magnet is nine times as strong as 
the field nine inches from the magnet. 


Right: Powerful permanent magnets are used by many police forces to drag 
rivers for weapons or other steel or iron objects which may be used in evidence. 


AURORA BOREALIS 


The Northern Lights, or Aurora Borealis to give them their technical 
name, are one of nature’s wonders. This is a photograph of an auroral 
display, a mural, exhibited at the Hayden Planetarium in New York City. 


Poles and Magnets 


ENDS OF MAGNETS ARE CALLED poles, and centuries of tradition lie behind 
their names. In ancient times, brave men in small boats sailed the seas 
with only the North Star or Polaris to guide them. The star was like the top 
of a long rod running from the center of the Earth and visible everywhere 
they sailed. Such a rod must have two ends, and since one was North, the 
other took the name of the opposite direction. You can say an object or an 
event has polarity when one part is different from or opposite to another 
part. We do this very often when we talk about “both sides of the question,” 
knowing there is much between the two. 
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Polarity is the best known feature of magnets and magnetism. Lift a mag- 
net by a thread, and one end, or pole, will point northward. Turn the magnet 
away from this roughly North-South line, and the magnet will return to 
North. We now have a way of telling the two poles apart. The pole pointing 
northward is called the North-seeking pole, and the other the South-seeking 
pole. It’s easier to call them the North-pole or N-pole and the South-pole 
or S-pole. 

Magnetism first became useful to man by showing him the general direc- 
tion of North when clouds hid the sun and Polaris. A compass is a magnet 
with an N-pole and an S-pole. 

Magnetic fields can also have direction. Physicists and engineers say that 
the direction of a magnetic field is the direction that an N-pole will move if 
thrust into a field. With a compass and pencil you can trace the size and 
direction of a magnet's field. Bring your compass near the magnet and 
watch the way the N-pole of the needle points; put a pencil mark in front 


Left: Small permanent magnets 
can be very useful in the home. 
Here is one specially designed 
to retrieve steel or iron objects 
dropped down a kitchen drain. 


of the N-pole. Move the compass around the magnet several times, putting 
a mark in front of the compass N-pole each time your needle changes 
direction. The pattern of dots falls into the same curving lines of force as 
did the iron filings. You can see the direction of the field by putting the 
N-pole of a bar magnet between the poles of a horeshoe magnet. The N-pole 
will move toward the S-pole of the horseshoe magnet, in the direction of 
the field. 


MOVABLE 
MAGNET 


The poles of magnets show us another quality of magnetism. Put the 
N-poles of two magnets together, and unless you hold them firmly they will 
move away from each other. On the other hand, an N-pole and an S-pole will 
pull strongly toward each other. This illustrates one of the major laws of mag- 
netism: “Like poles repel, unlike poles attract.” With your iron filings and 
a sheet of paper you can follow the lines of force between two N-poles and 
two S-poles, or N-pole-to-S-pole. 


ELECTRICITY AND MAGNETISM 


О“ YESTERDAY, IF YOU THINK of how long man has inhabited the 
earth, did we learn that electricity and magnetism are related. Yet 
in 140 years so many uses have been found for electric and magnetic fields 
working together that the electronics industry is one of the most promising 
for young men and women. 

Magnetism and electricity are inseparable friends and partners. You never 
find one without the other. Turn on the light switch and you send electric 
current along a wire. At the same time, you build a magnetic field in a circle 
around the wire and all along its length. Hold a compass near a wire carrying 
current and the N-pole of the compass moves in the direction of the magnetic 
field around the wire. 


Magnetism Makes Electricity 


IF ELECTRICITY CREATES A magnetic field, perhaps you think a magnetic 
field should create electricity? You are right. If a copper wire, which is a 
good conductor of electricity, is moved rapidly up and down between the 
poles of a horseshoe magnet, an electromotive force will be induced in the 
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wire, and if the wire forms part of a closed circuit electricity will flow. The 
wire cuts across the lines of the magnetic field, and small bits of electricity 
are moved about in the wire. A small magnet and one strand of wire won’t 
generate much electric current, however. Giant magnets and coils contain- 
ing many turns of wire are used in the dynamos which generate the electric 
power we use in our homes. 

The left hand rule, however, shows us the direction the current flows. 
Point the first finger of your left hand in the direction of the horseshoe 
magnet's field, from N-pole to S-pole. Stick your thumb straight up. Straight- 
en your middle finger so that it points away from the palm of your hand. 
If you move the wire up—the way your thumb points—the electricity flows 
in the direction your middle finger points. 


LEFT HAND RULE 


--- THUMB IN DIRECTION 
WIRE IS MOVING 


_— FIRST FINGER IN DIRECTION 
OF FIELD OF MAGNET 


CURRENT 


MIDDLE FINGER 
POINTS IN DIRECTION 
OF CURRENT IN WIRE 


Right: Massive maintenance at a power plant. These men are pulling the 
armature out of the stationary part of the generator. As the armature is 
rotated by its turbine, electricity is generated in the wires in the armature. 
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HOOVER DAM POWER GENERATORS 


This array of hydroelectric turbine generators is inside the Hoover Dam. 
Water going through the dam races through the turbine intakes and spins the 
turbines, which are attached to the generators shown here. 


WAVES OF ENERGY 


\ OMBINED FIELDS OF ELECTRICITY and magnetism produce electromag- 
8 netic energy. This is the energy of radio, television, radar, light, X 
rays, and gamma rays. We speak of this energy as electromagnetic waves 
and electromagnetic radiation. The word wave is used because a beam of 
electromagnetic energy shows high and low values as we measure it, like 
waves on a lake or ocean. Radiation denotes that the energy spreads out 
from its source in all directions unless guided by man-made devices. 

An electromagnetic wave consists of two fields. One is an electric field 
which rises and falls. The other field is magnetic, also rising and falling. 
When a beam of electromagnetic energy goes past our measuring instru- 
ments, we find an electric field which grows larger and larger, then collapses. 
As the electric field shrinks, the magnetic field grows in strength. The mag- 
netic field is strongest when the electric field is weakest, and then the 
magnetic field collapses, creating an electric field. 
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Tf you think of the electric field as being vertical, or straight up and down, 
the magnetic field will be horizontal, or level. Could the eye see these waves, 
they might appear like a chain of interlocking circles, with the circles at 
right angles to each other. These electromagnetic fields advance from a 
transmitter to a receiver in this rising and falling manner at the speed of 
light, 186,000 miles a second. 

You can send a weak, crude radio wave from two wires on the terminals 
of a dry-cell battery. Bringing the loose ends of the wires together for an 
instant produces a spark. The electric field across the wires collapsed at 
the time of the spark, and a radio wave started traveling. It spread from 
the battery just as the ripples spread over a pond or pan of water when 
you throw in a pebble. Radio waves called whistlers spread out from a 
streak of lightning, which is essentially a giant spark. 


Radar is one of the many recent developments that operate by sending out 
electromagnetic radiation and picking up the echo. This picture shows one 
of the installations in the national Air Defense Command radar network. 


A lA ad 


Fifty-two of these giant electromagnets, each weighing more than a ton 
and a half, line the outer rim of the rotors for the two 75,000 kilowatt 
Shasta Dam generators. Here the last one is being lowered into place. 


ELECTRIC CHARGES 


T: UNDERSTAND WHAT HAPPENS, we must understand something about 
the idea of an electric charge. This calls for an explanation of atoms 
and electrons. 

The atom of any material is the smallest amount of that substance there 
is, and all atoms of the material are alike. All atoms have a heavy center 
called the nucleus. Far out from the center, a cloud of electrons whirls around 
the nucleus. The nucleus is said to have a positive charge. Therefore we call 
the charge of the electron negative. An electron is the smallest possible unit 
of electricity. We cannot see either nuclei or electrons; they are too small; they 
move too fast. Hundreds of thousands of atoms spin around in the period 
at the end of this sentence. The electrons spin as they orbit the nucleus, and 
they move in many different paths. 

Any object is said to be negatively charged when it has more electrons 
than its surroundings. A battery, then, is negatively charged; it has a large 
number of electrons stored up inside. Electrons flow from a place where 
there is a surplus of electrons to where there are fewer. Copper wire makes 
a good conductor, or pipe, for this flow of electrons, because the copper atom 
has a single electron moving around the edge of its electron cloud. Electrons 
flowing out of a battery or generator push the electrons away from the 
copper atom and along the wire. 


NUCLEUS CONTAINS 
3 POSITIVELY CHARGED 
PROTONS (+), AND 4 
NEUTRONS 
(WHITE) 


INNER SHELL CONTAINS 
2 NEGATIVELY CHARGED A 
ELECTRONS j 

(RED) 


OUTER SHELL CONTAINS 
1 ELECTRON — CALLED A 
“FREE ELECTRON” 
A lithium metal atom, which has one “free” electron in its outer shell, is 
potentially a good conductor of electricity. This is because its free elec- 


tron is easily separated to join with others in an electron flow. Since 
most metals have a free electron in each atom, they are good conductors, 
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The total flow of electrons in a wire is the electric current going through 
the wire in a given time, usually measured in seconds. Current is a moving 
charge, a mass of electrons going along the wire. This moving charge sets 
up the magnetic field around the wire. 


Permanent and Temporary Magnets 


WE DIVIDE MAGNETIC MATERIALS into those which are permanent and those 
which are temporary. Our bar and horseshoe magnets are permanent. They 
remain magnets even when they are not in the field of another magnet or 
magnetizing force. Stroke a piece of steel, a sewing needle for instance, 
with a magnet and the needle remains a magnet. 

Temporary magnets can be magnetized easily, but they lose their mag- 
netism rapidly. Soft iron is only temporarily magnetic. A magnet will lift a 
nail, and you can hang other nails onto the first because it is now a magnet. 
But if you remove the first nail from the permanent magnet, the other nails 
will fall. The nail lost its magnetism when removed from the permanent 
magnet. 


A SIMPLE ELECTROMAGNET 


SOFT IRON OR MAGNETIC FIELD 


STEEL CORE 


AIR САР 
Y 


DIRECT Я 
CURRENT INSULATED WIRE COIL 
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As you can imagine, a current of electricity will magnetize a piece of iron 
if we wrap several turns of wire around the metal. The strength of the mag- 
netic field induced in the iron depends on the amount of current flowing 
through the wire and the number of turns the wire makes around the iron. 
The magnetic field circling each turn of wire combines with all the others 
to produce a field concentrated in the iron. 

The piece of iron and the coil of wire are now an electromagnet. The 
magnetic field disappears when the current is turned off. Junkyards, scrap 
metal processing plants, and steel mills use powerful electromagnets to 
lift and move hundreds of tons of iron and steel at a time. 


Magnet used for unloading steel and iron scrap from a railroad car. 


MATADOR GUIDED MISSILE 


Except for a few bombardment rockets, most of the modern missiles are 
guided missiles. This means they can be controlled in flight by guid- 
ance systems utilizing electromagnets. Here a Matador blasts off. 


A coil of current-carrying wire has its own magnetic field, and an N-pole 
and an S-pole. Such a сой is called a solenoid. Solenoids click the shutter 
of a press camera when the photographer presses a button to fire the flash 
bulb. Connected to an electric eye, solenoids sort fruit, bottles, and cans 
on factory conveyor belts. The electric eye closes an electric circuit when 
a can or piece of fruit of the wrong color comes past the “eye.” A switch 
sends a pulse of current into the solenoid, making it a magnet. This pulls 
a small bar magnet into the solenoid. Attached to the bar magnet is a lever 
which swings out to kick the low-grade article off the conveyor belt. Solen- 
oids also guide rockets and missiles, such as the Nike-Ajax. 
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Large currents of electricity in special steel coils produce magnetic fields 
as powerful as dynamite. The Lawrence Radiation Laboratory at Liver- 
more, California, uses magnetic field pressures to bend steel for heavy 
machinery. These scientists use such large currents to produce the high 
energy magnetic fields that sometimes they melt the heavy steel coils that 
create the field. Magnetic fields also can be made smaller but stronger by 
squeezing the coil. Los Alamos physicists do this by setting up a magnetic 
field inside a copper coil and then exploding dynamite around the coil to 
compress and strengthen the field. This is so destructive it’s performed out- 
doors in a canyon. 
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Dr. William Gilbert demonstrating his experiments in electricity and 
magnetism before Queen Elizabeth I and her Court in about 1600. 


THE HISTORY OF MAGNETISM 


ANKIND DISCOVERED MAGNETISM more than 2,500 years ago. The 

force gets its name from the place it was discovered, the district 
of Magnesia in Asia Minor. One legend says that a shepherd named Magnes 
met magnetism when his metal-tipped staff and iron-nailed shoes stuck to 
the ground. Source of the magnetism was lodestone, naturally magnetic 
rock. 

Lodestones are filled with magnetite, a type of iron ore; its chemical 
name is ferroferric oxide, Fe,O,, with three iron atoms linked to four oxygen 
atoms. Layers of this heavy black ore are found in Norway, Italy, Switzer- 
land, Austria, Brazil, and Russia. North America has deposits in New Jersey, 
Arkansas, Utah, and the Canadian provinces of Ontario and Quebec. Natural 
lodestones occur on the Isle of Elba in the Mediterranean, where Napoleon 
Bonaparte was imprisoned; in Russia’s Siberia, and at Magnet Cove, Ar- 
kansas. In most parts of the United States you can stir a magnet through 
loose earth and collect a “fuzz” of magnetite on the poles of your magnet. 
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AXIS OF MAGNETIC 
FIELD IN LODESTONE 
SPECIMEN 


oe 


The ore magnetite contains about 72% metallic iron and is a natural magnet. 
It is often called lodestone. 


Sailors prized the lodestones. When clouds hid sun and stars, a lodestone 
swinging on a string showed the way North. Soon the clumsy lodestone 
was replaced by steel needles floating on cork or straw in bowls of water. 
Later the needles were delicately balanced over a card marked with the 
thirty-two directions of the mariner’s compass. 

The Greek philosopher Thales of Miletus apparently gave the first record- 
ed description of magnetic effects about 550 в.с. Not until 1600 A.D., how- 
ever, did magnetism receive a scientific study. This was made by Dr. William 
Gilbert, personal physician to Queen Elizabeth I, and his book De Magnete 
is a scientific classic. 

Dr. Gilbert showed magnetic fields at their strongest near the poles and 
weakest at the center of bar magnets. He chiseled a large piece of lodestone 
into a sphere, like the earth. He traced the ball’s magnetic field with a 
compass and concluded that the earth must be a spherical magnet having 
an N-pole and an S-pole. 

Discoveries in electricity overshadowed magnetism studies for the next 
220 years. Then in 1820 dawned an understanding of the unbreakable bond 
between magnetism and electricity. Denmark’s Hans Christian Oersted 
found his compass needle pulled away from the earth’s north magnetic 
pole when an electric current flowed through a nearby wire. He traced 
the magnetic circle around the wire. When he stopped the current, the 
compass needle pointed North again. When Oersted reversed the flow of 
current, the magnetic field also reversed. 
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Soon after reading of Oersted’s discovery, the French mathematician An- 
dré Ampere calculated the strength of the magnetic field to be related to the 
amount of current flowing in the wire. He also found that magnetic fields 
around two current-carrying wires would drive the wires apart or together 
depending on the direction of the curent in the wire. Five years later, in 
1825, William Sturgeon in England and Joseph Henry in America made 
the first electromagnet. This opened the way for Samuel Morse to begin 
telegraph communication in 1836 and for Alexander Graham Bell in 1876 
to build the first telephone. 


Alexander Graham Bell demonstrates his invention. 
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4. HIGH VOLTAGE POWER LINES 


The top cables are for 4,000 volts, the four middle lines for 2,300 volts, 
and the bottom cables 500 volts. The linemen are installing new step- 
down transformers on the pole. Two of these are already in position. 


i Faraday and Clerk Maxwell 


0% ADVANCES CAME SWIFTLY. In 1831 Joseph Henry found that 
a current of electricity could make another current flow in a second 
conducting wire without the wires touching. This new current was “induced” 
in the second copper conductor when the current was turned on or shut 
| off in the first. Eleven months later, Michael Faraday in England found 
he could induce an electric current in a coil of copper wire by pushing a 
| bar magnet in and out of a coil. Faraday described the magnetic field as 
being made up of invisible “lines of force.” These lines were like elastic 
springs, said Faraday, and the current flowed only when the lines of force 
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SIMPLE VERSION OF FARADAY'S DISC DC GENERATOR 


COPPER DISC 
ROTATABLE THROUGH 
MAGNETIC FIELD 


HORSESHOE MAGNETIC 
MAGNET. 


CONTACT AGAINST 
AXLE OF DISC 


CONDUCTOR 
CONDUCTOR 


CONTACT AGAINST 
RIM OF DISC 


cut across the wire. The stronger the magnet and the faster the lines of 
force cut the wire, the greater was the current. 

Where Oersted found a steady electric current produced a steady field, 
Faraday and Henry showed that a changing magnetic field was needed to 
produce an electric current. In 1832 Hippolyte Pixii made the first crude 
dynamo by spinning an armature, or loop of copper wire, between the 
poles of a magnet, making the loop cut the lines of force to give a changing 
magnetic field on the wire. With improvements, this dynamo started the 
electric power industry. 


SCHEMATIC DIAGRAM OF EARLY PIXIl DYNAMO 


ROTATING COIL HORSESHOE MAGNET 
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MICHAEL FARADAY 


The Civil War occupied America in 1864 when England’s James Clerk 
Maxwell wrote the laws opening the electronics era. Maxwell studied the 
behavior of electric and magnetic fields and predicted that electromagnetic 
waves could be produced by changing electric and magnetic fields. Maxwell’s 
ideas were little understood and hard to prove, although his Treatise on 
Electricity and Magnetism was widely read in 1873. Sixteen years later 
Germany’s Heinrich Rudolph Hertz proved Maxwell right. In a dark room, 
Hertz set an electric spark flashing on and off. In the opposite end of the 
room he placed a circle of copper wire with a small gap in the loop. To 
his joy he saw faint and tiny sparks leap across the gap. Waves of electro- 
magnetic energy traveled across the room, set up a small current in the 
“receiver” loop, and caused a spark to jump across the gap in the antenna. 
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Marconi at his receiving set at St. John’s, Newfoundland, December 12, 1901. 


These radio waves are named Hertzian waves in his honor. By 1896 Gugli- 
elmo Marconi had a wireless telegraph system operating between English 
lighthouses and ships offshore; in 1901 he built a sending station in Corn- 
wall, England, and a receiver at St. John’s, Newfoundland. On December 
12 of that year he received there the first trans-Atlantic radio signal. 


The Quantum Years 


WHILE ENGINEERS AND SCIENTISTS exploited the Hertzian waves into the 
radio, television, radar, and electronics industries, a new understanding of 
electromagnetic action came from inside the atom. 
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About 1900, Max Planck in Germany measured the energy—or ability 
to do work—coming from materials heated to high temperatures. He found 
the energy radiated out in small packages or bundles instead of steady, 
continuous waves. He called the bundles of energy quanta. Niels Bohr of 
Denmark, in 1913, produced the idea of the atom as we understand it today. 
This is a picture of an atom with a nucleus which is heavy and carries 
a positive charge. The nucleus contains one or more of these charges, called 
protons. Each proton is balanced by an electron, a negative charge. Electrons 
circling the nucleus weigh 1/1840th of the proton. They are light and easily 


BOHR'S CONCEPT OF THE ATOM 


FOUR ONE ELECTRON LEAVES 
PROTONS ITS ORBIT TEMPORARILY 
(POSITIVE) (IONIZATION) 


SIX NEUTRONS 
IN NUCLEUS 


FOUR ELECTRONS 
IN TWO SHELLS 
(NEGATIVE) 


NORMAL ATOM HEATED ATOM 
(IN EQUILIBRIUM) (UNSTABLE) 


moved about. By heating a piece of metal, you can make the electrons whirl 
in higher and higher energy states, finally being driven out of the metal. 

It would take 250,000,000 hydrogen atoms lined up side by side to equal 
one inch. In one second, current in a 60-watt lamp from a 110-volt house 
source pushes 3,000,000,000,000,000,000 electrons through the bulb. In 
this circuit, electrons are not freed, merely pushed around. 

Because electrons are spinning, moving charges, they set up their own 
magnetic fields inside the atom. Albert Einstein, the brilliant mathematician 
of relativity, believed that all fields should obey the same laws. He pursued 
a unified field theory until his death in 1955. 
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Explorer X in the last few seconds of countdown. This satellite 
provided valuable information about the sun's magnetic field. 


WE LIVE IN A MAGNETIC WORLD 


T’S EASY TO UNDERSTAND the eagerness with which Einstein’s pioneering 
mind sought to unify the laws of electricity, magnetism, and gravity. 
Everywhere scientific instruments probe, the effects of these fields are 
present. 
Electromagnetic waves reach earth’s radio telescopes from more than 
2,000 sources in our universe. Our sun gives off the whole range of electro- 
magnetic radiation. Sometimes the sun's magnetic field sweeps through space 


COMPARISON OF SUN'S AND EARTH'S MAGNETIC FIELDS 


(not to scale) 
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to the earth and beyond. The earth is 93,000,000 miles from the sun, and in 
March, 1961, the Explorer X satellite traced the sun’s magnetic field more 
than 100,000 miles beyond our planet, on the side away from the sun. This 
was during a disturbed condition, however, following a huge solar flare—an 
outpouring of hot gases—from the sun. The satellite picked up the sun's 
normal magnetic field, before the flare, at about 80,000 miles from earth. 
Below 60,000 miles, the earth's magnetic field dominates outer space. 

On earth, all materials react to the force of a magnetic field. Materials 
which become strongly magnetic in such a field are called ferromagnetic. 
These materials are attracted by a magnet, move toward the strongest part 
of a magnetic field, and increase the strength of a field by their own mag- 
netism. Iron and its alloys, and nickel and cobalt and their alloys, are the 
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This is a steel checkerboard and the checkers have an alnico magnet 
in the base and a steel plate on top—in case you want a “king”! 


best ferromagnetic elements. Hardened steel was used to make the early 
commercial permanent magnet materials. Other magnetic materials include 
carbon steel, chromium steel, tungsten steel, cobalt-chromium steel, and a 
special cobalt-magnet steel. Some of the most powerful permanent mag- 
nets are made of an alloy called Alnico. A permanent magnetic material of 
increasing commercial use is a ceramic material, a chemical compound called 
borium ferrite. 


Paramagnetic and Diamagnetic Materials 


ONLY A FEW MATERIALS are ferromagnetic. Most gases, liquids, and solids 
are paramagnetic. They are not attracted very strongly by a magnetic field, 
and even in the highest magnetic fields become only slightly magnetic. The 
amount by which they become magnetic gives scientists some idea about 
the atomic and molecular structure of the material, however. Most metals, 
particularly iron compounds, are paramagnetic. So are gaseous and liquid 
Oxygen. 

The third class of materials is called diamagnetic. When these materials 
are magnetized, the fields are opposing in polarity to the field that magnet- 
ized them. They are repelled by a magnetic field and will move away from 
the strongest part of the field to the weakest. Their presence in a magnetic 
field will make the field weaker. Glass, silver, bismuth, copper, hydrogen, 
nitrogen, helium, neon, argon, and water are examples of diamagnetic 
materials. 
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Science Bulletin 


Prepared by SCIENCE SERVICE 


MAGNETIC CORKSCREW 

A magnetic field that spirals like a revolving cork- 
screw is expected to help solve a problem that has 
delayed the development of thermonuclear power 
plants. 

The problem: How to put the particles, or fuel 
ingredients, needed for an H-bomb type reaction into a 
container and keep them there long enough for the 
reaction to take place. Scientists in the U.S. and 
abroad have designed adequate magnetic "bottles" of 
various shapes, but the better the container, the 
harder it is to put the necessary fuel inside it. 

In a doctoral thesis written at the Massachusetts 
Institute of Technology, Air Force Captain 
R. C. Wingerson proposed that a corkscrew-shaped 
magnetic field be used as an auxilliary stopper for 
the magnetic container. Experimental apparatus for 
the corkscrew effect will be built by James S. 
Tulenko, another M.I.T. graduate student. It will be 
used in conjunction with an experimental, pipe-shaped 
magnetic container, or trap, that is open at both ends 
but uses "mirror" magnetic fields as primary stoppers. 

In a magnetic field spiraled like a drill, Captain 
Wingerson's computations show, a beam of particles 
shot into the tube along its axis with a certain 
energy can be wound or unwound. In other words, Some 


of their longitudinal energy can be transformed into 
perpendicular energy. The mirrors then can be more 
effective, and more particles can be retained in the 
tube for sufficient time. 

In effect, the M.I.T. device will be similar to a 
lobster trap. It should be easy for a particle to get 
inside the bottle, but difficult for it to escape 
because of the trap's geometrical configuration. 


FROZEN PASSAGE 


An Antarctic passage buried beneath tons of ice has 
been discovered by University of Wisconsin scientists. 
Lying as much as 7,500 feet below sea level and under 
12,000 feet of ice, the passage cuts across the frozen 
continent, linking the Ross Ice Shelf with the 
Amundsen Sea. The passage itself disappears just 
short of the Bellingshausen Sea, nearly 1,000 miles 
away from the Ross Ice Shelf, but part of it veers off 
and continues toward unexplored regions of the 
Antarctic. 


FISH SCHOOL 

While swimming in darkness, fish move about with 
little regard for each other. But as light begins 
filtering through the water they Start to congregate, 
and by the time light intensity has reached a 
hundredth of a foot candle, a brightness equal to that 


of a white surface bathed in moonlight on a clear 

The fish will school near the surface when the 
necessary light comes from the sun or moon, but they 
also will school deeper down if aquatic, light-giving 
(bioluminescent) organisms, provide a sufficiently 
bright glow. 

Dr. Kenneth R. John, of Franklin and Marshall 
College, reports that the Mexican banded tetra 
behaves in this manner, and it is believed to be 
typical of fishes living in lakes and oceans. 
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DEATH RAYS 

During the next 50 years, death rays could be among 
the new weapons revolutionizing anti-air warfare. 
Dr. Thomas P. Cheatham, of Litton Systems, Inc., has 
pointed out that it is theoretically possible to focus 
radiation in quantities large enough to burn through 
Steel plates ten miles away in space. He also 
predicted that protective plasma sheaths and missiles 
capable of changing course quickly would be devised 
as countermeasures. 


SAFE MILK AND WATER 

Should the U.S. be hit by a nuclear attack, the milk 
and water supplies could be made safe. 

The Agricultural Research Service, the Atomic Energy 
Commission, and the U.S. Public Health Service have 
developed a process that removes 98% of the 
strontium-90 from milk. 

The technique uses acid to ionize all the strontium 
in raw milk. Without the acid, only 60% of the 
strontium would be in ionized form. The milk-acid 
mixture is then exposed to an ion-exchange resin that 
essentially snatches the ions out of the milk. 

The remaining steps are merely clean-up chemistry: 

The milk is treated with an alkali to neutralize the 
acid, then pasteurized and homogenized. Water added 
with the acid and alkali is removed by flash heating 


. the milk in a vacuum chamber. The process is now 


being tested on a pilot-plant basis at the U.S. 
Department of Agriculture's research center in 
Beltsville, Md. 

For safe water, a similar process that removes 
dangerous plutonium rather than strontium and uses 
alkali and acid in the reverse order is employed. 

With a mobile water purification unit developed by 
the U.S. Army's Engineer Research and Development 
Laboratories, 97% of the plutonium in contaminated 
water can be removed at the rate of 1,500 gallons of 


water per hour. The purification equipment, believed 
capable of reducing contamination to the safe level 
during a 30-day emergency period, is stored in a two 
and a half-ton truck and can be put into operation 
within an hour after arrival at the emergency site. 

Normally, the unit removes 72% of the contamination, 
but by making the water very alkaline this can be 
increased to 97.5%. Neutralization with acid then 
makes the water safe and drinkable. 


NEW PARTICLE 

A new, elementary particle of matter has been 
discovered by scientists at the University of 
California's Lawrence Radiation Laboratory in 
Berkeley. This heavy (1,540 times as heavy as the 
electron) and uncharged particle, known as the omega 
meson, was found after theoretical prediction of its 
existence. 

Because it is uncharged and has an extremely short 
lifetime, only one ten-thousandth of a billionth of a 
billionth of a second, it leaves no tracks in the 
bubble chamber. It must be observed indirectly by 
noting its breakdown products, three pi mesons, which 
do leave tracks. 


IN SHORT 


The median income of scientists in the U.S. was 


$10,000 during 1960 -- usually $9,000 in salary and 
$1,000 from supplementary employment, royalties, and 
consulting fees. 

All U.S. auto manufacturers are putting floorboard 
anchors for seat belts in their 1962 models, and some 
are furnishing the belts themselves to their dealers 


at cost. 

The Type I, oral, live poliovirus vaccine, developed 
by Dr. Albert B. Sabin, has been licensed by the U.S. 
Public Health Service. 


THE SECRET OF MAGNETISM 


Te CLOUD OF ELECTRONS around each atom holds the secret of mag- 
netism. These electrons are moving in orbits around the nucleus and 
also rotating about their own axes. These are called orbital motion and 
electron spins; they explain why all materials are magnetic although in most 
cases the magnetic effects are very feeble. 

Although all electrons create a magnetic field around their path, most 
atoms have many electrons circling the nucleus. Paramagnetic and diamag- 
netic materials probably have almost as many electrons circling or spinning 
in one direction as in any other direction. The field of each electron is can- 
celed out by another electron’s magnetic field. This leaves most atoms only 
feeble magnets, in fact, almost neutral magnetically, as all atoms are neutral 
electrically. 

Another reason most materials are only weakly magnetic or are diamag- 
netic seems to lie in the energy of the electrons and the speed with which they 
and their atoms revolve. There also seems to be a friction or resistance to 
turning in the direction of a magnetic field because most atoms are held 
tightly in their position in a material. Such atoms cannot easily change their 
positions to line up with the magnetic field. 

More proof of this seems to be found in ferromagnetic materials. Iron, for 
instance, magnetizes easily but loses magnetism almost as soon as the field 
is removed. Atoms and molecules of iron shift away swiftly from their orien- 
tation along the field. On the other hand, the alloy Alnico must be placed 
in a strong magnetic field before its atoms line up sufficiently to create the 
desired magnetic field. Once the atoms are oriented along the field, however, 
Alnico is very stable and remains a very strong magnet for a long time. Once 
the Alnico atoms have been aligned, they do not readily become rearranged. 


Magnetic Domains 


Do NOT THINK THAT all the atoms in ferromagnetic materials will point in 
the direction of the field. Instead, the atoms line up together only in tiny 
areas within the material. These are called domains, and some are as small 
as one-millionth of a cubic centimeter. Francis H. Bitter of Massachusetts 
Institute of Technology dusted these little domains or “blocks” with mag- 
netic powder and was able to see and photograph them under a microscope. 
They look somewhat like a wall of irregular rocks stacked together. Each 
domain has its own magnetic field, and the fields are directed in many differ- 
ent orientations. 
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MAGNETIC “DOMAINS” 


MAGNETIC “DOMAIN” ELEMENTARY MAGNETS 
(ATOMS) 


UN-MAGNETIZED MAGNETIZED 
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Making a magnet requires that you organize these atoms and domains 
so that more of these tiny magnetic fields point in some one single direction 
than in any other directions. When you stroke a piece of steel with a mag- 
net or place it in the magnetic field of a current-carrying coil, you mag- 
netize the steel by lining up the domains and atoms. There is a limit to how 
much you can magnetize the metal, and this is called the magnet’s satura- 
tion induction. 

The iron bar becomes magnetized in two ways. The first of these is through 
enlarging the domains which are already oriented in the direction of the 
desired magnetic field. These domains grow by lining up more atoms or 
molecules adjoining the domains. The other way is by the rotation of the 
magnetic domains so that more domains point their fields in the desired 
direction and grow larger by picking up more atoms. 

When most of the atoms and most of the domains аге oriented along the 
field, the metal becomes a magnet with a total magnetic field. Magnetizing a 
piece of iron or steel electrically gives you more proof of the theory of 
atomic magnets and magnetic domains. This is the Barkhausen effect, named 
for the man who first observed it. After placing his metal bar inside a mag- 
netizing coil, Dr. Barkhausen wrapped another or secondary coil around 
the bar; the secondary coil was connected to a pair of sensitive earphones. 
As he increased the magnetizing current, the strength of the magnetic field 
in the iron bar increased in small jumps, as if something in the bar was turn- 


Right: Behind these two men is an electron micrograph enlargement magni- 
fying iron particles 50,000 times. These ultra-fine elongated particles were 
developed to produce a new and more powerful permanent magnet material. 
In the foreground, the scientists are examining electron micrograph negatives. 
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Magnetic soap? Yes, each of these toilet articles contains a magnet in 
its core. The German inventor is standing at the left of the picture. 


ing and increasing the field. Through the earphones he could hear what 
sounded like sharp squeaks, as the tiny magnetic fields shifted their lines of 
force across the earphone coil, generating a momentary electric current. 


Destruction of Magnetism 


WE CAN DESTROY MAGNETIC fields just as we create them. Shutting off the 
electric power destroys the electromagnetic’s strength. Some bar magnets 
gradually lose their strength to their surroundings. A permanent magnet can 
be weakened or destroyed if you add energy to it by dropping it, hammer- 
ing it, bending it, or putting it under some other stress which disturbs the 
alignment of the atoms or domains. You can demagnetize a magnet by strok- 
ing another magnet against the field. A coil with direct current in its wind- 
ings demagnetizes a bar when the coil’s field opposes that of the magnet. 
Pushing a bar magnet through an alternating current coil also disorganizes 
the atoms and domains. 
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Heat destroys the field also. When you heat a magnet, you transfer the 
electromagnetic energy of heat waves into the atoms. The rise in temperature 
is accompanied by a loss of magnetic strength as the atoms and domains 
shift away from the N-pole-to-S-pole line-up. At a very definite tempera- 
ture, all ferromagnetic materials will become paramagnetic. This is called 
the Curie point. For iron it is about 800 degrees Centigrade, and about 350 
degrees Centigrade for nickel. Knowing this Curie point helps us understand 
why our earth behaves as a magnet. 


OUR MAGNET EARTH 


р EARTH IS А SPHERICAL magnet with north and south magnetic 
poles. Its field extends more than 60,000 miles into space. The mag- 
netic poles do not coincide with the geographic North and South Poles but 
are offset slightly. The north magnetic pole lies in northern Canada, about 
73-degrees North latitude and 96-degrees West longitude; south magnetic 
pole location is in the Antarctic, about 70-degrees South latitude and 148- 
degrees East longitude. Because the magnetic poles don’t have the same 


GEOGRAPHIC 
NORTH POLE 


MAGNETIC 
NORTH POLE 


Relative locations of magnetic north pole and geographic North Pole. 
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location as the geographic poles, everyone using a magnetic compass to 
guide his travels must correct his path because the compass will point to the 
magnetic pole instead of the true North. This error or deviation from North 
is called the declination of the compass. 

In the United States, the compass points directly North only on points 
along a line running through Michigan, Ohio, eastern Kentucky, and Ten- 
nessee. East of this line, all points have a declination west of true North. 
In northeastern Maine, for example, the compass points about 20 degrees 
west of North. West of the line, the declination is east of North. The mag- 
netic poles shift regularly, and the U. 5. Coast and Geodetic Survey pub- 
lishes a series of maps bringing up to date figures for magnetic declinations 
all over the globe. Pilots and sailors need the new information to plot their 
courses safely. On these maps, all points of equal declination are connected 
by irregular, curving lines called isogonic lines. From these maps you can 
see that the earth’s magnetic field varies in strength at various points. The 
field and the declination are affected by the presence in the earth of great 
deposits of iron ore, among other substances. 


The difference between the mag- 
netic north pole and the geo- 
graphic North Pole is of prime 
importance to all navigators. 
One of the most respected names 
in navigation is Weems. Here is 
the man himself, Capt. Р.У.Н. 
Weems, U.S. Navy, ret. The 
plotter and dividers are his 
design. 


The earth’s magnetic field is horizontal only at the magnetic equator. At 
all points away from this magnetic equator, the field will “dip” toward the 
ground as the lines of force curve downward toward the magnetic poles. 
The angle between horizontal and the lines of force is the angle of dip or 
inclination. This angle is greatest at the magnetic poles, of course, where a 
magnetized dip needle points straight down, at 90 degrees. At New York 
City the needle dips about 72 degrees. 

Earth’s magnetic field is weak, only about one-half a gauss, the unit of 
magnetic measurement. You can buy magnets of several gauss at a dime 
store. But we must remember earth’s field comes from a core of iron and 
nickel in the center of the earth. This core makes a very big magnet, more 
than 4,000 miles in diameter, or about half the diameter of the earth. Our 
man-made magnets are much stronger, if we measure only the poles of our 
magnet, but the field of such magnets is very small. The earth’s field, how- 
ever, goes into outer space. Measurements of the sun’s magnetic field range 
from one to twenty-five gauss. 


Source of the Auroras 


THE EARTH’S MAGNETIC FIELD allows us to see the northern lights, or aurora 
borealis. In the Southern Hemisphere, a similar display is called the aurora 
australis. You see the auroras more frequently and brilliantly the closer you 
are to the magnetic poles and the farther North you go. The University of 
Alaska at College, Alaska, maintains one of the most complete records in 
the world of aurora activity. Our magnetic field causes the auroras because 
charged particles—protons and electrons—ejected by the sun are trapped by 
the field and come spiraling down to earth along the lines of magnetic force. 
These charges concentrate toward the magnetic poles, striking the earth’s 
upper atmosphere and causing the molecules of air to vibrate, giving off light 
as the glowing red, blue, and green colors we see. 

Auroras occur most often in March and October, and during the times of 
great solar flares. Approximately every eleven years the sun experiences an 
increase in these sunspots, and auroras occur more frequently. Accom- 
panying the sunspots are magnetic storms as the solar charges stream into 
the earth’s magnetic field, destroying radio broadcasts. 


Next page: Rarely visible in the southern United States, this Aurora 
Borealis was seen at Shreveport, Louisiana. The vertical shafts of the 
aurora shine through the glow from oilfields some 40 miles to the north. 
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Earth’s Radiation Belts 


TWO GREAT BANDS OF NATURAL radiation circle the earth. They are made 
up of hundreds of thousands of tiny atomic particles whose exact origin is 
unknown. These Van Allen radiation belts pose a threat to space travelers 
because of their strong radioactivity, or energy of their electromagnetic 
radiation. Our magnetic field apparently traps these atomic particles from 
the void of space. The shape of these belts roughly follows the shape of the 
magnetic field, and perhaps they contribute to creating the auroras. 

The first belt starts about 1,000 miles away from earth, going out about 
3,000 miles. The second belt begins about 8,000 miles out and extends to 
around 50,000 miles. 


Earth Is a Dynamo 


WHAT CAUSES THE EARTH'S magnetic field? This is one of the big questions 
for science. In 1600 William Gilbert thought a body of permanently mag- 
netic material deep inside the earth caused the field. This idea died when 
scientists discovered the Curie point, about 800 degrees centigrade, at which 
iron loses all its magnetism. The Earth's interior temperature of 1,000 de- 
grees is too hot for permanent magnetism. 

The difference in rotation rate between the outer portion of the earth and 
the core could set up a flow of electric current around the circumference of 
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the earth. Such an electrical flow of current would create a magnetic field. 
The earth, about 8,000 miles in diameter, and the core, more than 4,000 
miles in diameter, generate a strong electric current from relatively little 
rotation. If the entire core rotated at a steady rate, it would create a steady, 
single current flowing from East to West, creating one magnetic field. 

Evidence seems to support another theory, however. This is that the core 
does not rotate steadily but is filled with many whirlpools and eddies cir- 
Culating in the core. This would mean several electric currents coming from 
the shifting movements of the core. Such currents would produce what is 
known as a mode current, the product of several localized currents adding 
together to form a general current and a general magnetic field. Such a 
dynamo could account for differences in magnetic field strength over the 
globe and for shifting of the poles. The strength of the field also changes 
with day and night and with the passage of the moon around the earth. 

During the course of geological history (over five billion years), the poles 
have not remained stationary. At times they were located on the geographi- 
cal equator, and at other times they were even in the opposite hemisphere. 
Evidence for this comes from tiny particles of magnetite and other naturally 
magnetic ores trapped in clay and rocks of various ages. When these ores 
were deposited, they pointed to the magnetic poles. They were held in that 
position by later rock or clay deposits. However, some scientists believe that 
certain forces such as heat and pressure would change the orientation of 
the ore’s magnetic particles. 


THE EARTH’S CORE 


EDDY CURRENT LIQUID CORE 
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MAKING MAGNETISM WORK 


We" DISCUSSED MANY WAYS in which magnetism works in our world. 
Magnets help generate power and guide ships across the ocean, but 
they do many less spectacular jobs also. Magnets fixed in refrigerators hold 
the doors shut without locks. You can feel the pull of the magnetic field 
when you have the door nearly shut. In offices, small bar magnets hold 
sheets of paper on steel bulletin boards. Many automobile air conditioners 
have a magnetic clutch to transfer power from the engine to the compressor 
of the air conditioner. When you flip on the switch of the air conditioner, 
you send current into an electromagnet; the attraction of the electromagnet 
pulls a metal plate toward the magnet. The metal disc is being turned by a 
belt and pulley arrangement off the motor, and the electromagnet holds this 
spinning disc against a similar plate connected to the air conditioner. This 
transfers the power of the motor into the air conditioner. 
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OUTBOARD MOTORS HAVE MAGNETOS 


Many small engines use magnetos to provide the high voltage spark needed 
at the spark plug. This is done to save the weight and space needed by a 
conventional battery and generator combination used in automobiles today. 


Magnetism provides usable current for electric appliances in our homes. 
This is done by a transformer, a device with no moving parts. Transformers 
“step-up” power to very high voltages on transmission lines, then “step- 
down” the power at our houses. A round electromagnet is the heart of the 
transformer. 

Basically a transformer consists of two independent coils of wire wound 
around a doughnut-shaped, square, or other type of iron core. A current 
passing through the primary coil sets up a magnetic field inside the iron core; 
when the alternating current reverse direction, the magnetic field collapses 


and reverses direction. This induces an alternating current in the secondary 
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coil. The voltage coming from the secondary coil depends on how many 
turns of wire it has in relation to the primary coil. Twice as many turns pro- 
duces twice the voltage stepping up voltage at the generating plant for trans- 
mission. Half as many turns produces half the voltage, stepping down the 
voltage to a level which will not cause our electric appliances to burn out. 


TELEVISION COULD NOT WORK WITHOUT MAGNETISM 


Almost all of the equipment visible in this television studio depends in 
some measure on the principle of electromagnetism; the monitor sets, the 
oscilloscopes, the meters, and all the solenoid-operated relay switches. 


Telephones and Television 


MAGNETS IN OUR TELEPHONES turn electrical impulses into sound waves, 
permitting us to hear conversations. In the earpiece, a circular metal disc, 
called a diaphragm, is placed near a magnet. Beside the permanent magnet 
are electromagnets operated by the current generated when someone talks 
into the telephone. The electromagnets change the amount of pull the per- 
manent magnet exerts on the iron diaphragm. This causes the diaphragm 
to vibrate, setting up sound waves—changing pressures in the air around the 
eardrum—which we translate into conversation. 
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USE OF MAGNETS IN THE TELEPHONE 
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Television uses all the electromagnetic phenomena. Our antennas catch 
the electromagnetic wave from a television station and a tiny electric current 
is started in the antenna. This is carried over the aerial wire and into the set. 
Inside, vacuum tubes build up this current until it is large enough to be con- 
verted into light and sound waves. Electromagnets in the speaker cause a 
diaphragm to vibrate the way the metal diaphragm does in the telephone. 


The next time you watch TV, remember how important a part mag- 
nets and magnetism play in bringing you your favorite programs. 
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To make the picture on the TV screen, the current is channeled into an 
electron gun, which shoots electrons out from a piece of hot metal. Magnets 
along the picture tube guide the beam of electrons forward to the screen 
where they strike a coat of paint which gives off a tiny spark of light each 
time an electron hits the paint. Magnets also guide the electron beam back 
and forth across the tube to “paint the picture” on the screen. What we see 
as a continuous picture is really 500 lines or sweeps of the electron beam. 
The correct name for the picture tube is cathode ray tube. 


TV PICTURE TUBE SCHEMATIC 
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THE COSMOTRON AT BROOKHAVEN LABORATORY 


The cosmotron is a synchrotron, or atom smasher, that accelerates protons 
in а circular path to speeds approaching the velocity of light before the 
protons hit a target. The resulting fragments are studied photographically. 


Magnets and Science 


AS THEY DO IN THE CATHODE ray tube, magnets can be used to guide a beam 
of electrons. This makes it possible for us to increase magnification 200 to 
300 times that possible with a light microscope. Electron waves are much 
smaller than light waves, and they are focused on a viewing screen of an 
electron microscope by a kind of magnetic lens. Such a magnetic lens is an 
arrangement of current-carrying coils, permanent magnets, or electromag- 
nets whose fields will drive electrons together into a very small, concen- 
trated beam. 
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This is a linear, or straight-line, accelerator at Brookhaven, as seen 
from the low-energy end looking toward the high-energy end. 


Similarly, magnets with much stronger fields are used to guide protons 
and electrons—the charged particles of atoms—as they аге boosted to great 
speeds in accelerators, machines used by scientists to study how atoms are 
constructed. These are the so-called atom smashers, known also as cyclo- 
trons, betatrons, and alternating gradient accelerators, depending on their 
method of confinement and the particles they accelerate. The largest of these 
are the accelerators at Brookhaven National Laboratory near Yaphank, 
Long Island, and the CERN machine near Geneva, Switzerland. 

The Brookhaven atom smasher operates in an underground tunnel, shoot- 
ing the particles around a circle which is half a mile long. A proton can be 
boosted to a speed equal to 99.96 per cent of the speed of light. All the way, 
the protons are kept from flying into the sides of their circular track by 
magnetic fields. 


Next page: Inside the tunnel of the alternating gradient synchrotron at Brook- 
haven where the linear accelerator and cosmotron meet. 


Below: The CERN apparatus in Switzerland has a magnet that weighs 85 
tons. It is used in studying the behavior of nuclear particles. 


Electromagnetic waves radiate 
out from this TV transmitting 
tower. Many of today’s pro- 
grams are broadcast from video- 
tape on which programs have 
been recorded electromagneti- 
cally. 


8. TV TRANSMITTING ANTENNA 


Tape Recorders and Computers 


MAGNETIC TAPES GIVE ELECTRONIC computers a memory, music to the jazz 
fan, and permanent recording to television drama. A magnetic tape is a 
ribbon of permanent magnetic material. The material may be metal or 
ceramic. Usually the magnetic material, consisting of hundreds of thousands 
of ferromagnetic atoms, forms a coat or layer on a plastic backing. 

In recording, sound or light waves are carried into an electromagnetic 
field whose strength varies with the amount of current produced by the sound 
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or light striking a receiver mechanism. The changing magnetic field of the 
electromagnet causes “domains” of the tape to become magnetized. You can 
see these regions on a piece of recording tape by dusting the tape with a 
magnetic powder. The powder will stick to the parts of the tape which are 


magnetized. 
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Тһе memory core of the memory storage center in an electronic computer has 
thousands of tiny doughnuts of magnetic material which can be swiftly mag- 
netized or demagnetized to act as switches in the operation of the machine. 


Music, business information, television programs, and facts stored for use 
by computing machines are recorded in this way. In playing back the tape 
to reproduce the recorded information, the tape moves between the poles 
of a very delicate electromagnet. As the magnetic fields of the tape cut across 
the field of the electromagnet, they generate a current in the electromagnet. 
This is amplified by the machine and turned back into electric energy to be 
broadcast as electromagnetic or sound waves. “Erasing” a tape recording 
means demagnetizing the tape. 

Other computer memory cores consist of tiny doughnuts of magnetic ma- 
terial which can be swiftly magnetized or demagnetized by very small cur- 
rents. They serve as “off” ог “оп” switches or “yes” or “no” centers for the 
computer. 
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MAGNETISM: HOT AND COLD 


Mz FIELDS WORK FOR MAN at some of the hottest and coldest 
temperatures ever attained on earth. 

At 4000 degrees Fahrenheit, gases become conductors of electricity. This 
temperature drives electrons away from the nucleus of an atom. Such hot 
gases are called plasmas. Materials become ¡onized when their charges are 
separated in this or any other way. When forced through a magnetic field, 
these super-hot gases are essentially electric charges—positive and negative 
—cutting across magnetic lines of force. As such they are capable of gen- 
erating electricity. Study of such hot gases is referred to as plasma physics 
and as magnetohydrodynamics. 

A dozen American power companies have formed the American Electric 
Power Service Corporation for research in this field. If successful, the proj- 
ect could eliminate both the expensive armature and the turbine which drives 
it from power generating stations. The experimental generator operated by 


Members of a General Electric research team prepare some fine-particle iron, 
the submicroscopic “dust” used to make special high powered permanent magnets. 
Notice that one of the scientists is timing this relatively critical operation, 


Тһе Cockcroft-Walton generator 
at Brookhaven provides the ini- 
tial acceleration of 750,000 elec- 
tron volts to protons, upon 
which they are injected into a 
50 million-electron-volt linear 
accelerator and then they enter 
the orbit of the alternating gra- 
dient synchrotron shown on 
pages 54-55. 


9. COCKCROFT-WALTON GENERATOR 


Avco Everett Research Laboratory burns kerosene or alcohol with oxygen 
at 5000 degrees Fahrenheit. The magnetic field causes the charged particles 
to move into the electrodes attached to the combustion chamber. 

Other scientists are attempting to produce power by nuclear fusion, a 
process of combining light nuclei to form heavier elements, releasing large 
amounts of energy. The temperatures required for fusion to take place ap- 
proach 100,000,000 degrees, and scientists hope strong magnetic fields of 
a million gauss or more will hold the hot plasma together long enough for 
fusion to take place without disintegration of container walls by the high 
temperatures. 

At the other end of the temperature scale are the cryogenic devices, 
operating at temperatures near absolute zero or —273 degrees Centigrade. 
At these temperatures, gases such as helium and oxygen become liquid. 
Some metals become superconductive, able to carry large electric currents 
easily, and they can keep circulating such currents without any additional 
power being added. High magnetic fields can be created from very little 
electricity, from 25,000 gauss to 100,000 gauss, and the fields remain steady. 

Thus the discovery of new secrets of magnetism continues. At Massa- 
chusetts Institute of Technology, the U. S. Air Force plans to build a na- 
tional laboratory for the study of magnetism. Estimated cost is $9,500,000 
when it is completed in 1963. It will house a magnet capable of creating 
fields up to 250,000 gauss, or 500,000 times the strength of the earth’s field. 
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MAGNETS YOU CAN MAKE 


Y Coes AND MAGNETS CAN BE very strong or very weak, as we’ve 

seen. You can buy a pocketful of magnetism at a neighborhood store 
or spend more than a million dollars on a single magnet. A little money in- 
vested in a dry-cell telephone battery, some insulated copper wire, and a 
handful of nails in various sizes can produce many hours of scientific fun for 
the amateur. Here are some of the magnetic devices you can make: 

Bar Magnets: Scientists have made weak magnets by touching pieces of 
iron to the ground, along the North-South lines of the earth’s magnetic field, 
and tapping the iron. A stronger magnet results from stroking a piece of 
steel with another magnet. 

Compass: As did the Chinese and Arabian sailors, you can make a simple 
compass by stroking a steel sewing needle with a magnet. When it is mag- 
netized, float the needle in a bowl of water by placing it on a tiny sliver of 
wood. The needle floats alone if you rub it with a piece of paraffin or wax. 

Electromagnet: Wrapping several turns of insulated wire around an iron 
bar or flat-headed nail produces a simple electromagnet when the ends of the 
wire are connected to the battery. Try to get a soft iron nail for this purpose. 
You can use a nail containing steel but it will take longer for it to gain or 
lose magnetism. 

Simple Telegraph: A simple telegraph key can be made by mounting a 
piece of tin can above a nail electromagnet driven into a board. The metal 
strip is tacked onto an upright board so that the end of the metal strip 
almost touches the electromagnet. When you touch the magnet wire to the 
battery, the strip of metal will be pulled down to the magnet, making a click. 


Next page: The 5 billion electron volt bevatron at the University of California 
Radiation Laboratory, once the world’s largest. 
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